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Abstract: Beer industry generates important amounts of by-products. Last decade 
forced industrials to improve waste management and studies focused the 
exploitation of these by-products in ones with added value. Brewing industry by 
products were transformed into cosmetical, pharmacological, food ingredients, feed 
products, chemicals used in agriculture or in energy production. Brewers` spent 
hops were successfully exploited in chemical industry, pharmacology, animal 
husbandry and food industry. 
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Introduction 
 Beer is one of the most consumed alcoholic beverages. Brewing 
industry generates important amounts of by products, which recent 
researches proposed its valorizing into value added cosmetical 
(Natakankitkul et al., 2016), pharmacological (Vieira and Ferreira, 2016; 
Jung et al., 2011; Suruceanu et al., 2013; Rozalski et al., 2013; Liu  et al., 
2015; Luzak et al., 2016; Dietz et al., 2013; Krause et al., 2014), chemical 
(Bedini et al., 2015), animal feed (Mussato, 2014; Aliyu and Bala, 2011), 
food industry / novel foods (Mussato, 2014; Podpora et al., 2015; Fărcaș et 
al., 2014; Farcas et al., 2016; Mudura et al., 2017; Podpora, et al., 2016; 
Rakowska et al., 2017; Stojceska et al., 2008) products, agriculture (Chiva-
Blanch  et al., 2015; Kerby and Vriesekoop, 2017) or even in energy 




Bioactivity of brewers spent hop 
  
 Hop plant, Humulus lupulus L. (Cannabaceae) contain high amounts 
of prenylflavonoids in the female inflorescences. Xanthohumol is the 
principal prenylflavonoid with proved anticarcinogenic (Karabín et al., 
2015; Hudcová et al., 2014; Cattoor et al., 2010), estrogenic (Mudura and 
Coldea, 2015; van Breemen et al., 2014; Krause et al., 2014; Keiler et al., 
2013; Bolca et al., 2010), antimicrobial (Kramer et al., 2015; Tillman et al., 
2011; Abram et al., 2015; Leite et al., 2013) and antioxidant (Abram et al., 
2015; Gorjanović et al., 2013; Kowalczyk and Biendl, 2016; Van 
Hoyweghen et al., 2010) activities.  
 Beer is the most important source of prenylflavonoids, although 
recent studies presented alternatives such as hop based tea (Miyashita and 
Sadzuka, 2013; Denev et al., 2010), beer vinegar (Mudura et al., 2017) or 
dietary supplements (Van Breemen et al., 2014; Krause et al., 2014).  
 Brewers spent hop (BSH) represents the residue from hops used in 
the brewing industry, 85% of the hop added to beer being removed as a by-
product, hot trub (Kerby and Vriesekoop, 2017). Table 1 summarizes the 
chemical composition of BSH as reported in previous studies.  
 
Table 1.  
Chemical composition of spent hop reported in the literature 
Chemical compound Amount References 
Moisture, % 80-86,9 Mathias et al., 2015; Olajire, 
2012 
Ash, % d.m. 2,0 Mathias et al., 2015 
Total organic carbon, % d.m. 50,5 Mathias et al., 2015 
Total nitrogen, % d.m. 8,0 Mathias et al., 2015 
Total protein, % d.m. 48,8 Mathias et al., 2015 
Carbon/nitrogen ratio 6,3 Mathias et al., 2015 
Soluble reducing sugars, % d.m. 20,0 Mathias et al., 2015 
Soluble nitrogen, % d.m. 0,14 Mathias et al., 2015 
Soluble protein,% d.m. 0,88 Mathias et al., 2015 
Free amino nitrogen, mg glycine 
equiv./g 
0,22 Mathias et al., 2015 
Total phenolic content, mg GAE/g 0,48-
50,4 
Farcas et al., 2013; Fiesel, et al., 
2015 
Total tannin content, mg GAE/g 27,0 Fiesel, et al., 2015 




 BSH is characterized by the presence of hydroxycinnamic acids 
(7.72 g/100 g extract), proanthocyanidin (the most predominant phenolic 
group consisting of 23.3% by weight of extract), flavan-3-ol monomers, and 
flavonol glycosides (Luzak et al., 2016). The main flavonol was quercetin-
3-O-hexoside. Quercetin-3-dihexoside and quercetin-hexoside were present 
in the lowest amounts. The prenylated phenols in SBH are presented in 
Table 2. 
Table 2.  
Prenylated phenols found in SBH extracts 
Phenolic compound Amount References 
8-prenylnaringenin, g/100 g d.m. extract 0.42 Van Breemen et al., 2014 
6- prenylnaringenin, g/100 g d.m. extract 2.18 Van Breemen et al., 2014 
Isoxanthohumol, g/100 g d.m. extract 1.35 Van Breemen et al., 2014 
Xanthohumol, g/100 g d.m. extract 35.78 Van Breemen et al., 2014 
 
 Recently BSH was proposed in food industry as a low-cost and eco-
friendly alternative protection of stored food due to its essential oil with 
proved repellent activity (Bedini et al., 2015). Compounds that recommend 
this activity of BSH essential oil are myrcene (24.2%), limonene (1.2%), α-
humulene (16.2%) and β-caryophyllene (6.6%).  
 
Industrial management procedure for brewers spent hop exploitation 
 
 Extensive efforts to exploit brewery waste biomass are mainly 
focusing the water elimination for the products preservation and storage. 
This procedure evolves high cost and the last decade challenge was to assure 
the by-products quality for further applications, at low cost and following 
eco-friendly procedures.  
 
Novel product development based on BSH 
 
 The high amount of valuable bioactive compounds recommends 
BSH for the utilizing in the production in value-added products. Some of the 





 Spent hop represent a valuable by-product of the brewing industry 
with a wide range of fields to possible valorizing. The most important 
aspects that should be counted are water elimination procedures and 
extraction method applied, which have to be cost-effective and capable to 
create eco-friendly products. 
Table 3.  














Bedini et al., 2015 
Dietary 
supplement 
Pharmacology Bitter acids Cattoor et al., 2010 
 Prenylflavonoides Dietz et al., 2013; 
Hudcová et al.,  
2014; Krause et al., 
2014; Van Breemen et 
al., 2014 
















Polyphenols Fiesel et al., 2015 
Hop extract Food industry α-acids 
β-acids 
xanthohumol 
Kramer et al., 2015 
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